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FOREWORDThe 

Envronmental Protection Agency was created because of increasng publicand 
government concern about the dangers of pollution to the health 

andwelfare 
of the Amercan people. Noxious ar, foul water, and spoled landare 

tragc testmony to the deteroraton of our natural envronment. Thecomplexity 
of that environment and the Interpay between Its components re¬quire a 

concentrated and integrated attack on the problem.Research 
and 

development s that necessary frst step n problem solutionand It involves 
defning the problems, measurng its impact, and searchngfor solutions. The 
Muncipal Envronmental Research Laboratory develops newand improved technology 

and ystems for the prevention, treatment, andmanagement of and 
solid and hazardous waste polutant dischargesfrom municipal and community 

sources, for the preservation and treatment ofpublic drnkng water supplies, 
and to minmze the advere economic, socal,health, and aesthetic effects of 

pollution. This publcation is one of theproducts of that research; most vital 
communications lnk between theresearcher and the user communty.This 

report documents the results of an 

assessment of the effort that theUnited States will have to exert n the 
area of sludge handlng and ds¬posal If, in fact, full-scale treatment of 

combned sewer overflows is tobecome a realFrancis MayoDirector pa 
1Research 

Laboratory 



ABSTRACTThis 

report documents the results of an assessment of the effort that the 
UnitedStates 

wil have to exert in the area of sudge handing and dsposa if, in fact,fu-scale 
treatment of combined sewer overflows is to become a reaity. Theresuts indicate 

that nationwide an average yeary sudge volume of 156 0° (4.5 109 ga.) could 
be expected from CSO if compete CSO treatment were achievedThis compares to a raw 

primary sudge volume of 60.9 x 10- cu m (6.1 x 10 gaHowever, the average soids 
concentration 

in CSO sludge is about compared to 2-7%n raw primary sludges. This is due 
to 

the high volume, low solds residuals gen¬erated by treatment processes employing 
screens. The sudge voume generated andthe reported characteristics of the sludge 

vary widey, depending on the type oftreatment process used. The most notable 
differences from raw prmary sudge werethe high grit and ow voatile solids content 

in CSO residuas plus their Intermit¬tent generation.Evauaton of the effect of 
beed/pump-back of 

CSO 
sudge on the hydrauic, solidsand/or organic oadings to the dry-weather pant 

indicated 
that overoading woudoccur in most instances. Disregarding grit accumulation 

in sewers pus othertransport probems, it was established that soids oadings 
to the secondary were imiting and required 8-22 day bleed/pump-back periods. There 

may alsobe a toxic danger to dry-weather treatment pant bioogical processes.The 
most promising treatment trains were found to include possibe grt 

removal,me stabiization, optional gravity thickening, optiona and land appli¬cation 
or andfi. Land application systems can be considered as viabe aterna¬tives for CSO 

treatment and disposa. The cost of the collection-transportationand/or equalization 
system may be the crucia factor in disalowng the alternativeof direct 

appication 
of raw CSO. If CSO treatment is employed by a city, andspreading of CSO sudges 

shoud be evaluated. Pubic health concerns dictate sludgestabiization before 
disposa and polutant loading limitations based on ntrogenand heavy metal 

concentrations. 
An environmentaly safe rate of appication wasdetermined as 19.0 metric 

(8.5 
Preiminary economic evauation indicated that ime stabiization, storage, 

gravitythickening, and land appication was the most 
cost-effective 

treatment system.Costs for overall CSO sludge handling depend on the type 
of CSO treatment process,volume and characteristics of the sludge and the size 

of the CSO area among otherconsiderations. Estimates indicate that first investment 
capita costs range from$447-10. ($l8]-429/ac) with annua costs of $39-630/ha 

($56-660/ac) Itis recommended that the use of grit removal, lime stabilization and 
gravity thick¬ening, pus dewatering, be further investigated to estabish specific 

designcriteria reated to CSO sludge.Ths report was submtted in partia fulfilment 
of Contract No. 68-03-022 underthe sponsorship of the Municipal Environmental 

Research Laboratory Offce 

ofResearch and Development, U.S. Environmental Protection Agency. Work wascompleted 
In February 976. 
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SECTION 

ICONCLUSONS 

Nature of the Problema. 

It Is estabished that percent of the sewered popuaton orapproximately 
36.2 x 10 people are served by combned sewers. Thisservice 

is 
approxmatey 1.23 0 ha (3.03 10° acres) and ismainy concentrated 

in the Northeast and Great Lakes regions of thecountry. Assumng 

an 
average 

annua rainfal of 9. cm (36 in.) and that 50percent of the rainall 

results In overlow, then the yearly combinedsewer overflow is 5.6 x 

109 (1.5 x 10 galSimlary, the annual dry weather flow 

for 
the combined sewer popu¬ation served is 6.3 x 0 cu m (.7 x 0 gal 

assumng 473 (125 ga.) per capta per day. The volume of sludge 
generated from CSO treatment is 

dependent uponmany factors including area served, rainfal and type of 
CSO treat¬ment method used. The sludge volume generated wll range 

from 0.6to 6 percent of the CSO volume treated, depending on the 
CSO treat¬ment process utilzed. There have been sx state-ofthe-art 

processes proposed for 

treatngcombined sewer overflows. If It assumed that the total combinedseer 
overfow volume is treated by each technque, the foowingvolumes 

and solids concentratons of CSO residuals may be estmated.assuming 
70 percent solids removal:A storage-sedimentation: 50. x 10 cu 

m (13.3 10 gal 1.7solids 336 x 10 

cu 
m (88.8 x 10 gal 0.7 solidsscreenng/dssolved ar flotation: 

268 x 

10° cu m (7.1 x 10gal 0.84 solids dissolved air flotation: 33.6 
x 0 cu m (8.8 x 10 gal2.75 solds contact stabilzaton: 96.1 

x 10 cu m (51.8 x 0 
gal 1.0%solds trcklng fltration: 39.2 0- cu m (0.3 x 0 

gal 3.2solds 



The average yeary voume of sudge is estmated to be 156 0° (.5 x 
10 gal.) compared to an annual primary sludgevolume of 60.9 x 

0° cu (16.2 gal However, the averagepercent slds In CSO 
sludge 

is .0 percent compared to a primarsludge wth 2-7 percent solds. 
The ow value for CSO sudge can beattrbuted to the hgh volume-low 

solids residuas generated bybckwash of the screenng processes 
used. Comprson of per capta CSO sludge 

vaues 
wth the per capta dryweather values over a 365 days per year period 

ndcates that thevalues are comparable. However, the magntude of 
the CSO disposalproblem on a per unit time basis s six times 

greater when it Isrecognized that overfows occur only 60 times per 
year. The characteristics of CSO sludges vary wdely 

depending 
upon the CSOtreatment method utlzed* A comparison of quality wth 

dry weatherprimary sludges indcates that the volatle solds content 

of CSOsludge s sgnficantly lower than that found In most prmar 
sludge.In other parameters, the ranges of reported values overlapped.Generally, 

nutrient concentrations and fecal counts werelower 
for CSO sludges than for raw prmary sludges. Metal concen¬tratons 

varied wdely; however, n general, nckel concentratonswere higher 
and lead concentrations were lower In CSO sludges com¬pared to raw 

prmary. Dfferences In CSO sludge characterstcs compared to 
dry-weathersludge most 

pertnent 
to further handlng are the high grt and lowvolatile sludge 

concentration, the lower average percent solds,the varable voume of 
sludges produced and ther intermittentgeneraton.2, Aternatves for 

Handlng and sposal of CSO Generated ResduesAlternaves for handng 
CSO 

treatment 

sludges Incude (a) bleed/pump-back to the dryweather faclties 

at parallel faciltiesat the dry-weather plant or at central facltes 
separate from the dry-weather pant and dewaterng at on-ste facltes.a. 
Bleed/pump-back of CSO treatment sludges to the dryweatherfaclts.() The more 

excess capacity avalable at the dryweather plant,due 

to bult-n safety factors for expanson, the more feasblebleed/pumpback 
of 

CSO sludges.(2) This procedure would Involve the lowest costs de 
to reducedtransportaton and use of existng dryweather faclites 
forhandlng. However, ths 

alternatve 
has inherent disadvantageswhch make the procedure generally 
not applcable.(3) Bleed/pump-back wll not be possible unless 
suffcient scouringvelocity can exst In the indvdual sewer 

interceptors toprevent accumulation of grt In the 
lnes. Excessve grtdepositon In the sewer can cause odor, and 

blockageprobems 
and f flushed to the pant, adversely affect 

normaloperation. 



The bleed/pump-back of sludges or the resduals from on-site 
will 

have an effect both on the dry-weathertreatment plant and 
the sludge handling facilities. TheseImpacts can be 

considered separately.(5) Impact of 
bleed/pump-back of CSO sludges on the dry-weathertreatment plant has 

been evaluated wth respect to hydraulic,sods (prmary and 
secondary), organic and toxic materialsloadings to the varous 

processes. Bleed/pump-back of thesludge over a 2 hour 
perod 

although desirable from tand¬pont of limited storage and 
reduction in is notpossble n most nstances.(6) The limitng 
factor to consder is the 

solds loadng to thefnal Calculations indcate that 
bleed/pump-backperiods 

of 8-22 days are necessary depending upon the 
CSOtreatment method involved.(7) of CSO treatment sludge 

directly to the dry-weather 
sludge handing facltes over a hour perod wlloverwhelmingy overload 

these faclities al solidswise and organcaly. These gross 

overloads w be expectedto detrimentally affect the dewatering 

and stabilzaton per¬formance and treatment efficiency of the 
dryweather sludgehandling faciltes. The down-grading in 

treatment 
efficencywoud be manifested In poorly stablzed sludge 

for disposaland grossly deterorated effluents, fltrates, 
etc. 

for back to the dry weathertreatment plant.(8) Dsadvantages 
of bleed/pumpback also Include the adverseeffect on 

the operation and effcency of the dry-weather plantcaused by 
oading the plant 

at excessve evels constantyand the dfficulty in storng CSO 
reiduals wthout stabilzation for any excessive length of time. 

Dewaterng CSO treatment sludges at parallel faciltes at the 
dry-weather plant or at central faciltes separate from the 

dry-weatherplant.(1) Transportaton and 

potental space problems lmt the applca¬blty of parallel facltes or 
central 

locatons. Dewaterng at on-ste Factes.Handlng of CSO treatment 
sludges 

In the dry-weather plant or Inaddtional parallel faclites at the 

dry-weather plant or inseparate facilties at the 

dry-weather plant do not appear to 

begenerally 
feaible, therefore it is indicated that CSO sludgeswill 

have to be treated separately at the on-site facilities.() 
Evaluaton of sludge handlng processes from the standpontof the hgh 

grt and low volatle content of CSO sludges alongwth the varable 
and Intermttent generaton reduces thenumber of processes 

applcable for CSO sludge handlng.(2) Prelimnary screenng on the 
bass of CSO sludge characteristicsand known Informaton about 

the processes ndcates that the 



following processes may be generally 
applcable:conditionng: 

chemical 
treatmentthickening: 

gravity 
thckeningstablizaton: 

lme stablization dgestion 
vcuum flttiondisposal: 

land application(3) 
Combnations of 

the above processes yelds 

approxmatey 

tenpotentia treatment schemes. Examinaton ndicated that beed 
of diute resduals from on-ste to thedry-weather plant appears 

to be practcal and warrants furtherconsideraton where 
applicableFurther evaluation of stablzaton technques indcates 

thatanaerobc dgestion is more 
costly 

and difficult to operatethan lme stablzaton and therefore 
ths process was notconsdered for further study.(4) Four 

sludge 
handlng aternatives were thn developed for sludge ng:(a) 

Lime stabilization gravty 

thickenng vacuum filtra¬tion landfll Lime stablization gravity 
thickenng 

vacuum 
filtra¬tion land applicaton Lme stablzation gravity thickening 

land 
applcation 

Lme stablzaton land applcaton Preliminary ndicatons are 
that the flow scheme utilzng 
lmestabilzaton plus gravity thickening and then land applica¬tion 
Is the most cost effective for CSO 

sludge 

handlng on ageneral I zed basis.(5) The logstics of operating 
and mantann multple CSO soldshandlng plants (50,100) at different 

locations throughouta cty are formidable but not 
Insurmountable. Simlar, 

if 
notgreater logistcs would be requred for multple CSO treat¬ment 

faclites from which the sudges to be handld are de¬rived.3. 
Costs for Handlng and Dsposing of CSO Generated Sludges.It s 
emphaszed that all costs presented are generalized and should 

notbe applied to ndividual stuatons.a. To establsh 
generalized 

CSO sludge impact, the ctes served bycombned sewers were 
evaluated. 

Of the otal 259 cites It wasfound that about 12.5 percent had CSO 
areas of 05 ha (1000 or 



less, 47.5 percent had areas from 405-4050 ha (100010000 35 percent had area 
from 4050-16,188 ha (10000-40 000 and about percent had largerareas. From 
this information, four generalized CSO areas were chosen forfurther cost 

evaluation. The 
generalized 

costs for CSO sludge sateite treatment assming50 percent of 
rainfall is CSO and that either contact stabiizatonor fotation was 

used for treatment, are presentedbelow: areaAnnual Cost $/re/vha 

acres203 

500 0.105 - 0.330 10 20 - 
6602,307 

5,700 
0.36 - 1.96 x 0 64 3450.118 

25,000 
2.24 - 10.38 0 77 524,282 60,000 

3.33 - 26.1 x 0° 56 - 35 For four 
example 

cties, cost estmates were prepared 

for 

handlingand disposing of their sludge if compete CSO treatment is 

achieved(for New Providence the cost Is for treatn increased sewerflows 
due to wet weather sewer infiltrations). The four treatmentschematics 
[see Conclusion 2.c.(4 were evaluated and a cost rangeis 

included.CSO areaAnnual Cost haMlwaukee, 7,006 7,300 $1.49 2.53 x 
0°San 

Francsco 

2,50 30,000 $.9 - 2.11 x 
0, 

Wl 
539 1,331 ° x 0New Providence, 0 $0.09 
- 0.15 x 10 The economic impact of treating 

CSO sudges nationwide using oneof the 
treatment systems evaluated would range 

from 

$169 x 0 -$1.720 x 0 annually wth ntal capital costs estimated 
to rangefrom $548 x 0 - $2.5 x 04. Land Application for Disposal 

of CSO Raw Waste and of CSO TreatmentSludges.a. General(1) Land 
pplcaton systems can be 

consdered 

as vable for waste treatment and dsposal. The feasbty ofland 
application 

of 
CSO wastes 

may be evaluated under variousconditons. This development would 
provde a rational screen¬ng method hich shoud ead to; 1) 

the identifcation of 



specific limiting factors, 2) an indication of the 
publchealth 

and legal constraints in using land application and3) 
ste locatons that combine the required characteristicsfor 

safe pollutant management.(2) 

For most land application systems, vast numbers of design possbilites 
are available to suit specifc site characteristics,treatment 
requirements and overall project objectives. Thescope 

of 
factors that are commonly consdered in the desgnprocess 

include: a) treatment requirements; storage requirements; 
climatc factors; loading constraints: land area requirements; 

crop selec¬ton and management; system components; ste 
monitorngprogram; and ) cost-effectveness.b. Handlng Raw 

Waste(1) An alternatve to the treatment 

of CSO and the 
resultantproblems 

of sludge dsposal Is drect applicationof the raw 
CSO to the land. Land area requrements necessaryfor a safe rate 

of applcaton, as controlled by liqud loadinglmitations, are 
3 10 £ of (3.6 10- (2) The cost of the collection transport 

and/or equalizationsystem may be he crucial factor in 

disalowng 

land dsposalof raw CSO as an alternative to other CSO 
treatment 

methods.It may be feasble to use land disposal cites 
which haverelatvely smal CSO areas and have land avaiable n 

closeproxmity to the city, but cties with large CSO areas, 
evenIf the land Is available, may fnd that the cost of the 

collection transport system mght be prohbtive.(3) Considerng 
the hydraulic loading limt and f the land re¬qured for actual 

disposal is 70 percent of the entre 
disposalste, 

natonwde disposal of raw CSO would require total andarea 

of 323,560 ha (587,300 acres), inclusive of that requredfor 
buffer 

zones and storage and re"treatment faciltes.c. Handling CSO 
Treatment Sludges(1) If CSO treatment s employed by city, 

one viable alternatveto the disposal of CSO sludges can be 

by applcaton. Three management 

options would be avalable: I) land-spreadng dilute sldge (1 solids); 
2) landspreading athickened sludge 6 solds) and 3) landspreading 

a sludge (>12 solds).(2) If regulatons require CSO 
sludges to be reated pror to landapplcaton, lme stablzaton 

appears to be a promsn 



treatment process becaue of its flexiblityand effectiveness, 
in terms of both cost and performance.(3) n transporting 

sludges, it appears that truck transporta¬ton of either liqud 
or sludge is the most desrabeaternatve In CSO areas wth 

significant 
voumes of sludge tobe handed. Truck transportation of 

dewatered sludges mghtprove to be the more desirable alternatve 
f transportng andstoring costs are greater than the additional 

costs.) For field area requirements, the nitrogen content 
Is the lmitng 

loadng factor for application of CSO sludges. An environ¬entally 
safe rate of application was assumed as l8. metric (8,5 This 
is lower than the averagerange of 22 to metric tons/ha/yr 

(0-20 re¬ported In the literature for disposa of muncipal 
sludges.This dscrepanc s result of differences in waste 

charac¬teristics (i.e. nutrents and metals).(5) For sludge 
applicaton to non-agricultural land stripmine recamaton), higher 

loadng rates may be allowable buthe 

migration of pollutants through the sol must be coselymonitored.(6) 
Considering the loadng limt establshed for ntrogen and 

thefact that on the average, the land required for actual 
disposalIs 

70 
percent of a disposal site; nationwde disposal of CSOsludges would 

require 17,760 ha (290,760 acres) of land, in¬cluding that 
required for buffer zones and faciltes. 



SECTION 

1RECOMMENDATONS1. 

A sludge treatent system consistng of nonvolatle solds remova,lme 
stabilzation, 

gravity thickening, optional sludge andand applcation appears 
promsng. However, since several aspectsare expermental, it s 

recommended that the swrl concentrator and orother suitably available 
equipment be assessed with respect to Itapplicability for grit removal 

from CSO sludges and further investiga¬tion and demonstration of lime 
stabilization for applicaton to CSOsludges and to establsh basic 

desgn and operating critria be pursuedn additon, the applicabiity of 
further 

thckenng and beinvestigated to establish feasblity and obtain 
basic design critera.2. It recommended that further nformaton on the 

effect 
of lime onsludges which may be appled to land be esablished. 

Particular atten¬tion should be gven to the effect on crop growth, physical 
characterstics of the soli and uptake of toxic materals. This informaton 

canthen be utilzed to modfy current desgn critera for land 
applcationof 

CSO sludges. 



SECTION 
II!The 

discharge 

of untreated sanitary and overflows from combinedsewers to recevng 
waters 

during and after heavy rains an importantsource of Impairment of 
water. These storm generated dscharges consttutea high degree of load to 
water courses as measured by the usualstandards of biochemica oxygen demand, 

solds, organisms, andnutrents.The contribution of storm generated 
discharges 

is of nationalsignifcance, and the magntude of the problem s Illustrated 
by the factthat more than 1300 U.S. communites servng 36.2 millon people 
have com¬bined sewer systems which provde one collection system for both 

sanitarysewage and stormwater (). Sufficent nformaton has been accumu¬lated 
to confrm that the combined sewer overflow problem is of major im¬portance 

and Is growing worse with Increasing urbanization, economic expan¬sion, 
and water demands (1,2,9).Various alternatves have been proposed for 

dealng with the problems ofstorm 

generated dscharges. There appear to be four possble method ofelimnating 
or mnimizng the problems. These are:. Construcion of arger interception 

sewers and expansion of treat¬ment capacity.2. 

Construction of separate sewers,3. Construction of holding tanks with 
provisions to 

bleed/pump-backflows into the sewer 
system after the storm.. Treatment of the storm generated discharges 

at various possibeocations.Each of these 
techniques has advantages and dsadvantages when utied for abatement 

at ndvidual 
locations. Constructon of larger interceptorsthroughout the country 

appears 
to be a formdable undertaking. Normal de¬sign capacity for interceptors 

s between 1.5 and 5.0 tmes the dry weatherflow (3)( Durng a storm, the 

flow n a combined sewer may increase from50 to 100 tmes the dry weather fow 
(3). It is apparent that enlarging theinterceptors to handle the great 

increase n antcipated stormwater flowwill have to be accompaned by enlargement 
of present sewage treatment plantswhich must treat the interceptor flow. 

The cost of this construction undertaking would be in the doar range. In 
additon, there aremonetary osses which woud have to be borne by communities, 

ndivduas,businesses and industrial establishments as a result of extensve 
physicalinconveniences during constructon. 



It has been estimated that providng compete separation of storm and san¬tary 
sewers throughout the country would cost 48 billion dollars(967 
prices)(). In addtion, the monetary losses to communties ndi¬viduas, 

etc. as a result of separation would be considerable. Separationof the sewers 
may not completely solve the probem, for studies indicatethat there 

is the distinct probabilty that separated may requretreatment under some 
circumstances (9).The hoding tank concept 

s being used as a method of handling storm gener¬ated discharges. Ths method 
has met wth limted success because of thecost of tank nstalaton, the 

economic and physical limitatons of holdingcapacity, and he need for returnng 
he flow to the Inerceptor system fortreatment after the storm subsides. 

In many locatons, an overloaded con¬dition exists at the treatment plant 
for several days after a major event and any additonal runoff In excess of 

hodng tank capacty is ds¬charged to the receiving waters.The fourth 
alternative 

for dealng with storm 

generated 
discharges is thetreatment of the dscharge Itsef. Promisng physical, 

physca-chemcal,and boogcal methods have been proposed for treatng storm 
generated ds¬charges. Many of these concepts have been demonstrated or are 
planned fordemonstraton by the U.S. Environmental Protection Agency 

(5»7).As with most treatent processes, treatment of combined 
eweroverflow 

wil result in residuals which contain, in concentrated form,the 
objectionable contaminants present in the raw combined sewer overflow.However, 

handling the disposal of the residual sludges from the combinedsewer 
overflow treatment systems have been nelected, thus far, infavor of 

the probles assocated with the treatent of the discharge itsef.Sludge handling 
and dsposal should be considered an ntegral part of the com¬bined sewer 

overflow treatment because it wil significantly affect theeffcency and cost of 
the treatment system.The objectve of this report then s to attempt 

rough quantfcation ofthe effort the Unted Staes wl 

have 
to exert In the future, the areaf sludge handlng and dsposal, if 

fullscae 
treatmentofcombined seweroverflow is to become a reality. The results 

of this report will con¬trbute to a better understandng of the problem and 
wll ad the develop¬ment of future plannng and research needs. It 

may be found, In fact, thatthe potential problem of handling the sludges from 
combined sewer overflowtreatment may be greater than the problem of treatment 

itself. Also, thedsposal of these resdual solds is only gong to compound 
the dsposalproblem now caused by the solids from dryweather treatment 

plants.Therefore, alternatve technques for handlng combined sewer 
overflowsludges have been presented in this report. The frst secton 

defines 

themagnitude of the problems associated wth combined sewer overflow 
treatmentresiduals and the unique characterstics of the sludge itself. 

After theproblem has been defned, several handing methods are dentfied 
andevaluated. One method Involves bleed/pump-back of the sludge to thedryweather 

treatment plant. Ths technque has the advantage of utlizing10 



existing transportaton systems, but has Inherent dffculties such as 
grtdepositon 

and potental soids overload at the treatment plant bleedpump-back 

is not feasible then the sludge must be treated wth separatefaciltes. 
These facltes may be ocated at the dry-weather treatmentpant, a separate 

centra ocaton or at satellte locatons throughoutthe area served by combined 
sewers. Evauaton of the exstng sudgehandlng processes ndcate that 

tradtonal solds treatment trans may notbe generaly applicable due to the 
dfferent 

characteristics and Intermittentnature of the sudge. However, the use 
of lime for stablzaton, plusthickenng and possibly and then land applcaton 

for disposalappears to be a viable treatment system for CSO sludges. The 
economcs ofvarous treatment schemes for both actual cties and specfc CSO 
areas havebeen cacuated and are presented. In this way, the magnitude of 

theproblem can be defined and a preliminary assessment of the mpact can 
bemade. 



SECTION 

IVMAGNITUDES AND CHARACTERSTICS OF SLUDGES PRODUCEDBY 
NATONWIDE TREATMENT OF COMBNED SEWER 

OVERFLOWSINTRODUCTIONThe 

problems associated wth treatment or handlng of any type of sludge 
areformidabe. 

The recent ncreased emphasis on sludge handling has createdmore 
interest in aspect of treatment. With regard to treat¬ment of combned sewer 

overflow sludges, however, the most feasble handlingtechnques are Just begnnng 
to be developed. Before the problem can beadequately addressed, it 

is 
beneficial to define, as much as possble, thevolumes of sludges to be 

produced and ther assocated characterstics. Todo this t is necessary to make 
general assumptions regarding many aspectsof treatment systems. But It must 

be emphasied at ths pont that thecharacterstcs and flow volumes presented 
herein are general anddo not reflect Indvidual CSO sludge systems. 

Defntion 
of qualtes andquantities of sudges resultng from indivdual processes 

Is dependent uponthe treatment system utlzed, and locaton of the CSO 
site,among many other factors. Specfc applcatons and design of sludge han¬dlng 

technques should be developed Indvdualy for each ste. However,for the 
purpose of defning the magnitude and severty of the problems asso¬ciated 
wth handling various CSO sludges, a basic overall approach isnecessary. The 
ranges of values for CSO sludges have also been compared togeneralzed 

dry-weather sludge volumes and characterstcs. The basis forthe generalizations 
and the result of the quantficatons have been ncludedIn ths secton 

of the report.COMBINED SEWER OVERFLOW VOLUMESIn order to estmate the total 
volume of combned sewer overflow 

and Itsassociated sludges It 

Is necessary to establish many varables which affectCSO before it s 
possible to accurately assess the overall stuation. Amongthe pertnent considerations 

are: the area served by combned sewers; landuse; rainfall volumes; 
number 

of overflows; type of treatment utlzed;populaton of area; etc. It is 
necessary to evaluate the effect of these,and other pertnent variables 

In order to prepare generalzed potentialvolume of CSO and assocated 
sludges.The sewered population of the United States as projected from 1962 dat 

is125»770000 Of ths total, 36236,000 

or 29 prcent of the seweredpopulaton is served by combined sewers. The 
combined sewer servce area2 



totals 1,226,745 ha (3,029000 acres) (1). Figure shows the dstributonof 
combined sewers throughout the United States (0). It can be seen thatthe 

most concentrated use of combined sewers is in the Northeast and GreatLakes 

regions of the country.Figure 

2 shows the distrbution of the median annual precipitation through¬out the 
United States (11). The annua median precipitation across theNortheast 

and Great Lakes regions of the country where combned sewers areused 
extensively ranges from 63.5 to 114.3 cm (25-45 In A selectedaverage value 

for the purpose of further caculatons s 91.4 cm (36 inUsing 1,226,745 

ha 

(3029,000 acres) an average yeary rainfall of 91. cm(36 in.) and assuming 

50 percent of the rainfall results in overflow, theyearly voume of 
combined 

sewer overflow In the Unted States would be5.6 10 (1.5 0 gaTable 
gives the sludge voumes 

produced, 
the percent solds of the sludgesproduced by various combined sewer 

overflow treatment processes that havebeen investigated (12) and the calculated 
sludge voume if treated by theselected treatment processes based on a 

tota yearly combined sewer overflow voume of 5.6x10 cu (l.5x10 galTABLE 1. 

TOTAL U.S. SLUDGE VOLUMES AND PERCENT 

SLUDGESOLIDS 

PRODUCED BY VARIOUS CSO TREATENT PROCESSES 
(12)Volume ofSludgesludge as Sludge volumespercent of 

percent 

producedTreatment 
process volume 

treated sol ids cu mStorage 
with settling 0.3 50.x10 6.0 0.70 

336.2x10Screen 
flotation 4.8 0.84 269.0x10 

flotation 
0.6 2.75 33.6x0Contact 1 

3.5 
100 196.1x10Trckling 

filter 0.7 3.20 39.2x03 







Assumng an equal mx of the varous treatment methods, an average yearlysudge 
volume resultng from,treatment or all combned sewer overflows nationwde 

would be 156.8 (41.45 0 gal or 2.8 percent ofthe volume treated. 

The average percent solids of the sludge would be 1.04.This value compared 

to an estmated 25,000,000 cu m (33.0 x 10- ga.) ofprmary and secondary 
sludges generated annually (13). The average soldsconcentraton of the 

dryweather 
sludge is approxmately 2-3. The averagevalue for sludge solids 

concentration is lower because of the hgh volume- low solids residuals that are 

generated by the screening processes, mcro-screening (6 of volume treated at 

0.7 solids) and flotation (4.8 of the volume Created at 0.8 solids).Another 

approach to comparson of dry-weather sludge and wet 

weather sludges to use populaton equvalent factors. Table 2 shows a comparison 
betweentotal flow, sludge volume and solds mass based on the popuaton 

served.TABLE 2. POPULATION EUIVALENT COMPARISONS(4)ParameterFlow: 
rawwasteFow: 

sludgeonlySol ids 
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overfow voue is reated. The values are based on an average combinedsewer 
overflow concentration of 409 (9); and It should also be notedthat the 

volumes are based on the SS removal. Biologcal treatment methodssuch as 
contact 

stabilization and tricklng filters wil also produce soldsby converson 
of 

dssoved organic matter to bologcal cell mass; and anychemical additon 
that Is eployed In the seected treatment process wllalso add solds. These 
additonal solds can Increase the fnal sludge From Table 3» t can be 

seen 
that 

as 
the treatment efficency is improvedthe voum of sludge that must be handed 

will ncrease. However, whenevera thcker sudge can be produced the resdual 
sludge volume wl be reduced. TREATMENT SLUDGE CHARACTERISTICSThere are 

sgnfcant 
dfferences In the chemcal and 

physcal characters¬tcs of sudges whch are generated by varous CSO treatment 
methods. Tables 5 and 6 (12) ndcate the repored sludge characterstics from 

biological,physical and chemcal treatment systems. Even wthin these more 
specifccategories, here ar large dfferences in the qualtes whch result.Biological 

treatment sludges show the highest volatile fraction about 

60percent, 
whle the physca and physical/chemcal treatment processes producesludges 

wth a 25 to percent volatle fracton. The BOD, total organiccarbon, 
dssolved organic carbon, total phosphorus, and total ntro¬gen concentrations 

vary wdely as the solids concentratons var. The solu¬ble nitrogen forms; 
ammonia, nitries, and ntrates, are, for the most part,low in concentration 

except for the trcklng filter secondary sludge whichhas a very high content. 
The sludge densites range from .005 to 1.07 wthan average value of 1.026. 

The of the sludges ranges from 5.2 to 79.The low value of 5.2 was found for 

the fotation process InSan Francsco where alum addton Is used to 
facilitate 

the flotaton process.As would be expected wth higher volatile sods, 

the biologcal sludges havethe greatest fuel values. The boogical sludges have 
an average fuel valueof 3515 cal/gm (6333 while the other sludges have an 

average vaue of2032 cal/gm (3661 BTU/lb). Aong the and varous pesticides, 
the are generally of the highest concentration. Zinc is usually the heavy metal 

ofhighest concentration in the sludges with the concentraton of lead also 
beinfairly hCOMPARISON OF CSO SLUDGES TO DRYWEATHER FLOW SLUDGES order to more 

fully understand both the magntude and the unqueness ofthe problems assocated 
wth treatment 

and handlng of CSO sludges Isvaluable to compare 

CSO 
sudge to dryweather flow sludges. The mostdrect comparison whch can be 

drawn s between undigested prmary sludge andCSO sludge. Although the solds 
concentraton of waste actvated sludge mostclosely resemble CSO sludge 
solds concentrations, the actual charac¬terstics are dfferent snce grt 

removal and prmary sedmentation havepreceded the process and removed the more 

easily separated materals. These 
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solids are then not associated with waste activated sludge but are present n 
sludges. In addition, sudges have not been stablized and thereforea comparison 

to undgested residues Is vald.A summary 

of 
generalzed sludge characteristics includng CSO sludges, rawprmary and 

dgested prmary is Included n Table 7 The data presented hasbeen drawn from 
several sources, as indicated. Wide ranges have been pre¬sented because of 

the extreme varation in vaues obtaned from the differentreferences. However, 
t Is nderstood that the large differences are duemainy to large varations 

in infuent characteristics and treat¬ment plant effciencies throughout the 
country. There is also a large var¬iation in values indicated for the CSO 
sludges due to the dfferent treatmenttechniques utlized and the many other 

variables previously mentioned. Therefore. It is necessary to provide only 
broad 

comparisons between the dry-weather primary sludge and the CSO 
sludges.The 

table Indcates that the potential 

volume 
of CSO sudges exceeds theestimated primary sludge volume. However, 

the pounds of dry solids of thetwo residues Is much more comparable due 
to 

the higher solids concentratonIn raw primary sludges. difference in solids 
concentraton s an Im¬portant aspect when considering CSO sludges and 

is 
mainly due to the verydilute backwash resdue produced from the screenng 

processes whch treatraw CSO. Addtonal thckenng is requred o reduce the 
volume of CSOsludge to be either further stabilized or transported. This 

is desirablesince an increase In solds of can halve the total volume 

being handld.In addton to havin a low solds content, the percent volaile 
solds 

InCSO sludges Is signfcanty lower than that found In most raw prmarysludges. 
The highest value obtaned for CSO sludges was assocated wth 

thebologcal type of treatment as expected. Even with this nput, the 
volatilepercentage 

was sgnficanty lower for CSO sludge than for raw prmary. Fur¬thermore, 
the values were much more comparable to already dgested primarysolds. 

Therefore lower effectve removals of volatile solids are expectedas the mass 
s dmnished due to a smaller feed source.Comparson of other parameters ndcate 

that there are some dfferences, butthat the ranges of 
concentrations 

overlap n most categories. General ob¬servations ndcate that the total 
nutrient concentrations are generally lowern CSO sludges than In raw and 
digested primary sludge Fecal num¬bers are also lower possbly due to diluton 

of Infuent from the ranfall.No comparable data regardng pestcide content 
was avaabe for raw CSOsludges and raw prmary, however, concentratons In 

dgested 
prmary weresomewhat hgher than those detected In raw CSO sludges. 

Metals concentratons In all of the sludge types showed extremely hgh 
varatons. 

Theconcentraton of metals In CSO sludges ranged close to the values 
obtainedfor raw prmary resdue. The concentraton of nckel as somewhat 

hgher forCSO sludges, however, lead concentratons dd not reach the hgh levels 
re¬ported for some raw prmary sludges.One sgnfcant dfference between CSO 

sludges and raw prmary which notapparent from Table 7» s the hgh grt content 
of most CSO sludges. Ths22 
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hgh concentraton of heavy particate matter Is caused by the high velocityscourng 
of materals accumulate n sewers and the lack of of before treatment. 

Primary sedimentaton is generallypreceded by grt removal which usually 

separates materals that settlefaster han 5 or have a specfc gravty 
greater than 2.65- Without grtremoval for residues, the characteristics of the 

sludge are sgnificant¬ly affected by the presence of this grit. Special 
handling methods arenecessary to stablze and these materals snce most 

traditionaltechnques are not designed to take the heavy loading. Ths Is 
especiallytrue when transportng the sludges In lqud form. The heavy wil 

tend to settle to the bottom of sewers or tanks and enhance putrefaction.This 
situation may be extremely difficult to remedy and should be consideredbefore 
determining handling methods.Another aspect of CSO sudge whch s dfficut to 

quantfy Is the Inter¬mttent nature 

of sludge producton. Ths factor Itself presents problemswhen compared to 
primary sludges whch are produced daily with approxmatelythe same volume 

and characterstics. The ntermittent nature of the sludgeproduction Indcates 
that holding and of the materal is necessaryto equalize the flows, however, 

holdng the sludge may cause sgnifcantchanges n ts characterstcs, and 
create 

odor problems. Ifequalizaton s not possble, then the sludge handling 
method must be flex¬ble enough to accept shock loadings from wet weather 

sludge or a separatefaclty capable of intermttent operaton must be constructed 
and utled.t Is therefore evdent that the problems associated with 

handlng 
CSOsludges are unque and diffcult to solve. The potential voumes of 

sludgesand the accumulaton of polutants Includng solds, heavy metalsetc. 

generaed by the treatment of combned sewer overflow are formdable.The 
relatively 

dilute nature and low volatile solids content of the sludgesalong 
with 

their intermittent generation create a situation significantlydifferent 
from that encounered when dealng wih raw prmary sludges.These differences and proposed techniques for dealing with them will beconsidered n the following sections of the report. The evauation ofvarious alternatives for 

handling these residuals are developed to asistin arriving at an assessment of the Impact, effort required, and resourcesneeded, if full-scale 
treatment of CSO discharges on a national level isto be mplemented.25 



SECTON 

EFFECT OF HANDLNG TREATMENT RESIDUALS 
BYBLEED/PUMP-BACK TO THE MUNICIPAL DRY-WEATHER PLANTOne of 

the possble methods for handling CSO treatment residuals is bleedpump-back 

of these materals to the dryweather treatment plant. Thesesudges may 
be either the dilute residuals themselves or the supernatantliquor which 
was generated by on-site n additon, the return ofresiduals can affect 

ether 
the total dry-weather treatment plant or thesudge handlng faclites, 

or 
both, depending upon the nature of the returnsystem. Full evaluation of the 
effect of resdual bleed/pump-back can thenbe broken down nto sveral 

sectons:1. 
Effect of bleed/pump-back of 

dilute residuals on the treatment pant.2. Effect of bleed/pump-back of 
resduals from on-site on the treatment plant.3. Effect of bleed/pump-back 

of dlute residuals 
on the sludge handlingfacltes.4. Effect of beed/pump-back of resduas 

from on-se 
dewaterlng onthe ludge handling facltes.To accomplish the evaluaton, 

it is necessary to conder the 

effect of bleedpump-back on he desgn characterstcs of the dry-weather treatment 
plant.The following aspects are to be studied:a) Hydraulic overoad Sol 

ids overload Organc and inert solids 
overload 

to treatment 
Treatment effciency 

Effluent quality (treatment system 
only)These indivdual 

considerations have been 
studied 

wth regard to the bleedpump-back of 

residuals t the various parts of the treatment plant. Theresults of the 
evaluaton 

are discussed Indvidually in this section of thereport-TRANSPORT 
CONSIDERATIONSIt s apparent that bleed/pump-back of the sludges to the 

dry-weather 

treat¬ment plant offers 

the smplest solution to handlng CSO sludges. Ths al¬ternative utlzes exsting 

transport facltes, a centralized treatment26 



location and traned dry-weather treatment plant staff to provide handling.However, 
there are inherent problems involved in bleed/pump-back, due to boththe 

general design of combined sewers and the high grit content of sludge.This 
section brefly presents some of the problems involved in The sections 

which follow assume that the CSO sludge has been satis¬factorily to the plant 
and the calculations etablishing theeffect of the CSO sludges continues 

from 
that point.One of the main problems with 

bleed/pump-back 
is that combined sewers cannotbe designed to provide needed velocity 

for souring heavy particles duringdry-weather conditions. The Manual of 
Practice No. 9 states that, "Itis rarely possible to design combined sewers 

with adequate self-cleaningvelocities at minmum dry-weather flow f the 
capacity of the sewer also mustbe adequate for Hence, combined sewers often 

are subjectto deposition during dry weather and are dependent on frequent 
rainfall forflushing" (15).Calculations of the posible velocity in an existing 

combined 
sewer 

verifiesthat statement. Using Camps formula for calculation of the velocites 
re¬quired to transport sediments, the velocity in 0.97 1.27 (38" 

x 50interceptor required to transport a grit particle 0.2 mm in diameter 
withspecific gravity of 2.65 was 0.87 (2,87 The interceptor was de¬igned 

at a slope of 0.06 m (0.06 ft) and velocty flowing fullwas calculated 
to 

be 0.7 m/s (2.31 fps) whih would scour particles less than0.13 m. Typical 
grit chamber design can remove particles of 0.2 mm or moreat velocities of 

0.305 (1 fps). So these calculation indicate thatthere would be significant 
accumulation of greater than 0.13 mmin this sewer under dryweather flow 

condition.It must then be recalled that there are high concentrations of 
grit withinhe CSO sludges. This is due in part to 

grit and associated infiltration through leaky joints in the sanitary ewers 
which is flushedto the CSO treatment site during torm flow. Replacing 

the gritty sludgein the downstream line will cause this accumulation 
to 

recur in the sewersunder most conditions. The problem is augmented by 
the fact that it isdeirable to equalize the flow to the treatment plant. 

Therefore, sludgebleed/pumpback would ideally occur at low flow, low 
velocity time period,causing evn greater solids deposition. Once the solid 

materials havecollected on the sewer bottom, flow capacity usurpation and 
andodor problems can occur. These nuisances can create premature 

flooding andpollution causing overflows, public relations problems and 
dry-weathertreatment plant operations difficulties. The septic solids can exert 

asignificant oxygen demand on the raw sewage flow and cause excessiveoxygen 
requirements at the treatment plant.In concluson, problems of 

bleed/pump-back of the sludge are therefore diffi¬cult to overcome and 
should be consdered prior to recommendaion 

of thisalternative for handlng CSO sludges. If ufficient carrying velocity 
isnot available, the excessive grit deposition can cause a myriad of 

secondaryproblems. Careful examination of the individual sewer interceptors 
to beused for bleed/pump-back and knowledge of the ieve analysis and density 

orparticle settlin velocities of the CSO sludge wll be necessary in 
order 

todetermine f bleed/pump-back will cause deposition of solids in the 
Inter¬ceptors 27 



TREATMENT 
CONSIDERATIONSGeneralIn 

order to accuratey assess the impact of bleed/pump-back of residuason any 
porton of the treatment plant t s necessary to calculate the ef¬fects for 

each Indvdual ste. However, It s desrable approxmate theeffects of 
bleed/pump-back of CSO sludges on generalzed basis to establshwhat aspect of is 

lmting and when ths technique might be avable handling method for CSO sludges. 
Therefore, it is necessary to makea series of assumptions in the approach 
to establishing the effect of bleedpump-back of CSO sludges or ther dilute 

residuals on the dry-weather treat¬ment plant and the existing sludge handling 
faciities. Among the factorsto be consdered are the type and degree 

of treatment utlized, the effectof durnal flow variation and contamnant 
strength, the CSO sludge charac¬teristcs, the percent of CSO area contributing 

sludge to treatment etc.Degree and Type of Treatment Used and Effluent 

Discharge RequrementsIt is essentia to know the type of treatment 

processes 
utiized at the dry-weather treatment plant In order to establsh the 

effect of the bleed/pump-back of both sludges and resduals. It is also 
important 

to determine thetype of sludge handlng faclties used for and then 
consider theeffect of CSO sludge bleed/pump-back on ths portion of treatment 

individually.U.S. Public Law 92-500 (972) requres that by July I. 1977, 
publicly 

owned(muncipal) treatment works provde a minmum of secondary treatment. 
More¬over, effluent discharge lmtatons for suspended solids and BOD have 

beenpromulgated at 30 (monthly average) and 5 maxmum (seven dayaverage). 
Therefore, for purposes of ths dscusson It may be assumed thatthe dryweather 

treatment facltes to whch CSO treatment resduals are tobe bled/pumped 
back 

wil provde a mnmum of secondary treatment. Further¬more, for purposes of 
evaluating the effect of the CSO treatment residualsbleed/pump-back on 

dryweather 
treatment efficency, the effluent dischargelimitations promulgated 

wl be used. A schematic diagram of a typical acti¬vated sludge secondary 
treatment plant Is shown In Figure 3. of waste treatment, namely, treated 

effluent and resdual sludge solids, mustbe disposed of effcently and economcally. 
Therefore, the dryweatherfaclty conssts of two systems, the waste treatment 
system and the sludgehandlng sstem. The elements comprsing the waste 

treatment system areshown n Figure 3.Referring to Figure 3 the process 
elements 

making up the treatment porton ofa uncpa poluton control faclty are 
grit removal, 

prmary 
sedimenta¬ton, biologcal oxdation and fnal clarfcaton. Varous dry weather 

de¬sgn and operatonal parameters assocated wth these process elements 
aresummarzed In Table 8 and were obtaned from the lterature (16, 17, l> 9).These 

crtera are among those that wll be used In the evaluaton of theeffect of 
the CSO treatment resduals bleed/pump-back to dry weather treatmentfacltes 

wth regard to hydraulic, solds and organic overload as well astreatment 
effcency.28 


